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Abstract	Plant extracts rich in phenolics and vegetal fermented juices rich in nitrite may be used as preservatives in the meat industry. The aim of this study was to evaluate the effects of hawthorn berry phenolics and nitrite from 
parsley roots fermented juice, on unsmoked frankfurters. Seven lots of frankfurters were prepared. Two lots were 
prepared using ascorbate and parsley juice nitrite (each preservative 50 ppm, L1; each preservative 25 ppm, L4), 
two lots were prepared using hawthorn berry phenolics and parsley juice nitrite (each preservative 50 ppm, L2; 
each preservative 25 ppm, L5), two lots were prepared only with parsley juice nitrite (50 ppm, L3; 25 ppm, L6), while L7, control lot, was prepared with 50 ppm ascorbate and 50 ppm synthetic nitrite. pH, thiobarbituric acid 
reactive substances, cure efficiency, residual nitrite, total viable count, Enterobacteriaceae and coliform bacteria 
were determined at 3-day intervals for 15 days. During storage, comparatively with control, the best physico-
chemical parameters were found for L4 and L5 of frankfurters, while the best microbiological parameters were 
found for frankfurters treated with ascorbate and parsley juice nitrite (L1 and L4). The addition of natural 
antioxidants and nitrite was able to improve unsmoked frankfurters’ shelf-life.  
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Introduction 
In recent years, consumers’ perception 
of meat and meat products have changed, i.e. consumers aim for natural products or products 
preserved with natural compounds. Consequently, 
meat processors have been forced to find solutions 
to deliver high-quality products using natural 
preservatives (Horita et al., 2014). The oxidation 
of lipids reduces the shelf life of cooked meat products. Lipid oxidation leads to harmful changes 
in the frankfurters flavour. Because unsaturated fatty acids present in the meat are exposed to 
different reactive species, this results in the formation of primary lipid oxidation products 
such as hydroperoxides (Kubow, 1992). Further reactions involving metal catalysts such as iron and copper are important elements that degrade these compounds to highly reactive free radicals that 
in turn react with other unsaturated lipid acids, resulting in the end in an important amount of small volatile molecules. These latter compounds are responsible for the development of a rancid 
off-flavour (Ladikos and Lougovois, 1990). Lipid peroxidation processes in meat products can be decreased or delayed by the addition of ingredients with antioxidant potential. Since ancient times, plants have been used for the preservation of meat and meat products. Natural herbal compounds have antioxidant and antibacterial effects and therefore herbal compounds are able to preserve meat products and their presence may also have 
beneficial effects on the health of consumers 
(Papuc et al., 2017). Plants contain phenolics with 
important antioxidant activity (Papuc et al., 2017). 
On the other hand, the roots of some vegetables can 
fix nitrogen as nitrate. In the presence of bacterial 
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strains that produce nitrate reductases (e.g. 
Staphylococcus xylosus), nitrate can be reduced to nitrite and this source of nitrite can be used for the 
preservation of meat and meat products (Papuc et 
al., 2016). The aim of this study was to evaluate the effects of replacing ascorbate with hawthorn 
(Crataegus monogyna) berry phenolics and 
synthetic nitrite (sodium salt) with nitrite from 
parsley (Petroselinum crispum) roots fermented 
juice, in different concentrations and relations, in 
unsmoked frankfurters. The first objective of this study was to determine some physico-chemical 
parameters (pH, thiobarbituric acid reactive 
substances, cure efficiency and residual nitrite). The second objective was to evaluate some microbiological parameters such as total viable 
count, Enterobacteriaceae and coliform bacteria. 
Finally, the overall objective was to evaluate the variation of all parameters depending on the 
composition of frankfurters lots.
Materials	and	methods
Hawthorn berry phenolicsDried hawthorn berries were powdered by using a laboratory blender. One part of powdered plant material was extracted in ten parts of 60% 
ethanol - for 3 hours at 50º C. After the extract was 
filtered, the solvent was removed by using a rotary 
vacuum evaporator at 50°C. Finally, the residues were collected and used for the experiments. 
Total phenolic content was assayed using Folin–
Ciocalteu method (Singleton and Rossi, 1965)
Parsley roots fermented juice Parsley roots were cut into pieces and chopped in a laboratory blender with distilled water. After 
mechanical filtration, the fresh juice was sterilized 
for 15 min at 121ºC. Staphylococcus xylosus - ATCC 29971 was used for the fermentation of parsley 
roots fresh juice by incubating the juice at 30ºC, until the maximum nitrite concentration was 
achieved (24 hours). The fermented juice was then 
sterilized and concentrated using a rotary vacuum evaporator. 
Frankfurters lots preparationLots 1 and 4 were prepared with 50 ppm 
ascorbate and 50 ppm parsley juice nitrite (L1), 25 ppm ascorbate and 25 ppm parsley juice nitrite 
(L4), respectively. Lots 2 and 5 were prepared with 50 ppm hawthorn berry phenolics and 50 ppm 
parsley juice nitrite (L2), 25 ppm hawthorn berry 
phenolics and 25 ppm parsley juice nitrite (L5), 
respectively.  Lots 3 and 6, without antioxidant, were prepared with 50 ppm parsley juice nitrite 
(L3), and 25 ppm parsley juice nitrite (L6), 
respectively. Lot 7, control lot, was prepared with 
50 ppm ascorbate, a synthetic antioxidant, and 50 
ppm synthetic nitrite (L7).
Physico-chemical parameters 
pH determination
Ten g of finely chopped sample were weighed 
and put into a blender beaker. 100 mL of distilled water were added and the sample was blended 
until well mixed but not emulsified (60 seconds). 
After filtration, the pH was measured for each sample. 
Determination of thiobarbituric acid reactive 
substances (TBARS)TBARS value was determined using a spectrophotometric method described by Buege 
and Aust (1978). In the presence of thiobarbituric 
acid (TBA), malonaldehyde and other aldehyde 
products of lipid oxidation (TBA reactive 
substances; TBARS) form pink chromogens with maximum absorbance at 532 nm. TBARS value 
was calculated using 1.56 × 105/M/cm as the 
extinction coefficient of the pink TBA chromogen. TBARS value was expressed as mg malonaldehyde/ 
kg sample (mg MDA/kg). 
Determination of cure efficiency
Cure efficiency represents the percentage of total pigment converted to nitroso pigment and 
also indicates the degree of color fading (Pearson 
and Tauber, 1984). 2.0 g of frankfurters were weighed into a 50-mL polypropylene centrifuge 
tube. 9.0 mL of aqueous acetone were added and then the content was mixed thoroughly with a 
probe-type homogenizer. The tube was capped to 
minimize evaporation of acetone, mixed by gentle 
swirling, let to stand 10 minutes in the dark, and 
then filtered through medium-fast filter paper into a glass test tube. The absorbance was read at 540 nm. Another 2.0 g sample was prepared using acidic acetone. After one hour, the macerate was 
filtered and the absorbance was read at 640 nm. 
Cure efficiency was calculated using the following formula: 
Cure efficiency (%) = [(A 540nm x 290)/[(A 640 nm 
x 680)] × 100
Residual nitrite analysisNitrite ion was extracted into hot water. A 
portion of the extract was mixed with Greiss 
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reagent (sulphanilamide + N-(1-naphthyl)-
ethylenediamine) to form a pink azo dye with 
maximum absorbance at 540 nm (AOAC, 1990). 
The pink colour intensity is linearly proportional 
to the initial nitrite concentration. The sample’s 
nitrite concentration (ppm NO2-) was calculated 
from the nitrite standard curve, with sample dilution factors considered. 
Microbiological analysis
In parallel, frankfurters samples were subject 
to total viable count (TVC), Enterobacteriaceae 
(EB), and coliform bacteria (CB) determination. Physico-chemical and microbiological parameters were determined at 3-day intervals for 15 days.
Statistical analysisStatistical analysis was performed using version 20 of the IBM SPSS software. Differences 
among experimental data were analyzed by one-way analysis of variance ANOVA followed by 
Tukey’ test, and those at p< 0.05 were considered 
significant. The results were expressed as mean ± 
standard deviation (SD).
Results	and	Discussion
For all treatments (1–6), the frankfurters’ pH 
values varied from 5.62 (L2) to 6.70 (L6) during the refrigeration period. The addition of hawthorn berry phenolics together with parsley roots juice 
resulted in a decrease in frankfurters’ pH for both 
concentrations (50 ppm and 25 ppm, L2,  L5, 
respectively) compared to the addition of parsley 
roots juice alone (L3,  L6, respectively) (Table 1). Antioxidants are able to scavenge free radicals 
and terminate the oxidation chain reaction (Papuc 
et al., 2010; Popescu et al., 2011). Free radicals 
react with antioxidants, this reaction making free 
radical species unavailable for further reaction with the double bonds of unsaturated fatty acids and this way the chain reaction is terminated by 
the addition of free radical neutralizers (Alamed 
et al, 2009). Frankfurters containing synthetic 
or natural antioxidants (L1, L2, L4, L5, and 
L7) showed lower TBARS values compared to 
frankfurters containing only parsley roots juice 
(L3 and L6) (Table 1).Nitrite is used as a preservative in meat products manufacturing for centuries. Nitrite in meat products inhibits the growth of Clostridium 
botulinum (Sindelar et al., 2007a). Nitrite also 
contributes to the development of flavour, it is responsible for the formation of the characteristic 
pink colour in cured meat products, and retards the development of rancidity. Reduction in the use of nitrites has become an important issue for 
the meat industry because nitrite, at low pH and 
high temperature, can react with amines to form 
nitrosamines, compounds that have been shown 
to be carcinogenic (Jakszyn and Gonzalez, 2006). 
Sindelar et al. (2007b) observed that meat products 
prepared with nitrite from natural sources (celery 
juice powder) showed lower levels of residual nitrite compared to meat products made with 
synthetic nitrite. In this study, the concentration of 
residual nitrite was lower for the frankfurters that 
also contained antioxidants. Thus, the presence of phenolic compounds determined a decrease in 
the concentration of residual nitrites (Table 1); the 
antioxidants increased the cured efficiency as well 
(Table 1).The effect of storage time on the growth of spoilage microorganisms during 15 days of refrigeration is shown in Table 2. A clear 
Table	1.	Physico-chemical parameters of refrigerated frankfurters (pH, Thiobarbituric acid reactive 
substances (TBARS), Cure efficiency, Residual nitrite)
pHSample Day 1 Day 3 Day 6 Day 9 Day 12 Day 15L1 5.77±0.35a 5.84±0.65a 5.81±0.50a 5.78±0.45a 5.79±0.55a 5.90±0.40aL2 5.66±0.35a 5.66±0.45a 5.62±0.40a 5.69±0.45a 5.80±0.40a 5.78±0.55aL3 5.94±0.45a 5.91±0.50a 5.94±0.45a 5.91±0.60a 6.10±0.50a 6.30±0.50ap value p < 0.05 p < 0.05L4 5.95±0.45a 5.92±0.50a 5.99±0.50a 6.10±0.50a 6.10±0.50a 6.11±0.60aL5 5.82±0.50a 5.82±0.50a 5.82±0.30a 6.40±0.50a 6.42±0.40a 6.49±0.30aL6 6.00±0.40a 6.00±0.40a 6.00±0.30a 6.15±0.35a 6.70±0.50a 6.68±0.25ap value p < 0.05 p < 0.05L7 5.83±0.30a 5.83±0.40a 5.83±0.40a 5.90±0.40a 5.91±0.50a 5.86±0.45a
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TBARS (mgMDA/kg)Sample Day 1 Day 3 Day 6 Day 9 Day 12 Day 15L1 0.27±0.04a 0.37±0.05a,b 0.46±0.04a,b 0.51±0.06a,b 0.52±0.05a,b 0.49±0.05a,bp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L2 0.26±0.05
a,b
0.54±0.05
a,b
0.59±0.05
a,b
0.67±0.05
a,b
0.60±0.05
a,b
0.53±0.04
a,bp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L3 0.26±0.04a 0.71±0.05a,b 0.75±0.05a,b 0.80±0.04a,b 0.73±0.05a,b 0.72±0.04a,bp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L4 0.26±0.04a 0.40±0.04a,b 0.61±0.05a,b 0.67±0.03a,b 0.65±0.05a,b 0.65±0.04a,bp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L5 0.27±0.04a 0.37±0.05a,b 0.45±0.07a,b 0.63±0.04a,b 0.68±0.06a,b 0.64±0.06a,bp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05PL6 0.27±0.05
a,b
0.83±0.06
a,b
0.71±0.05
a,b
0.88±0.04
a,b
0.81±0.04b 0.77±0.04a,bp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L7 0.26±0.04a 0.29±0.05a,b 0.41±0.04a,b 0.43±0.05a,b 0.46±0.04a,b 0.43±0.08a,bp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05
Cure Efficiency (%)Sample Day 1 Day 3 Day 6 Day 9 Day 12 Day 15L1 79.17±2.95
a,c
78.83±4.01
a,b,d,k
77.20±2.02a 76.47±2.70a,b 76.13±4.00a,j,k,l 72.13±3.72a,b,d,fp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L2 78.33±3.48
a,b,e,g,l
78.47±3.76
a,b,e,g,l
75.17±4.01
a,b,d,f
74.23±4.02
a,b,d,f
74.50±4.50
a,b,d,f
72.30±4.03
a,b,d,fp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L3 35.27±3.03
b,d,f,i,j,m,n,o,p,q,r
35.93±3.00
b,c,d,f,i,j,m,n,o,p,q,r
34.20±2.02
d,f,j,m,n,o,p,q,r
33.17±3.01
d,e,f,i,j,m,n,o,p,q,r
33.00±2.00
f,k,n,o,p,q,r
27.53±3.50
d,f,l,m,n,o,p,q,rp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L4 74.17±4.01
a,b,d,f
74.17±4.01
a,b,d,f
74.63±3.50
a,b,d
74.43±3.50
a,b,d,k
74.53±3.50
a,m
69.83±5.53
a,b,d,f,o,pp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L5 74.17±5.00
a,b,d,f,o
73.50±5.07
a,b,d,f,o
73.83±4.53
a,b,d,f
73.63±4.50
a,b,d,f
72.63±3.50
a,n
70.83±4.53
a,b,d,fp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05PL6 20.57±3.60
f,o,p,q,r
22.90±8.22
a,b,d,f,o,p
20.57±4.50
d,f,g,j,m,n,o,p,q,r
18.23±4.02
f,h,j,n,o,p,q,r
17.43±2.50
o,p,q
14.87±2.57pp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L7 79.57±3.50
a,i
69.57±8.11
a,b,d,f,o,p
79.57±5.50
a,b,d,f,o
75.90±4.00
a,b,d,f
74.30±5.02
a,q
71.77±3.53
a,rp value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05
Residual Nitrite (ppm)Sample Day 1 Day 3 Day 6 Day 9 Day 12 Day 15L1 11.50±1.50a 11.17±2.02a 11.57±1.95a 11.03±2.00a 11.87±2.10a 10.57±2.50ap value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L2 10.50±2.50a 10.00±2.78a 10.23±2.0a 10.33±2.30a 9.87±2.57a 10.33±2.05ap value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L3 25.10±2.05a 25.20±2.10a 25.20±2.42a 25.20±2.35a 22.50±2.65a 24.83±1.35ap value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L4 7.00±1.00a 7.13±1.00a 7.13±1.40a 7.17±1.20a 7.00±1.15a 7.17±1.10ap value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L5 6.17±1.04a 6.40±0.91a 6.30±1.35a 6.37±0.75a 6.17±1.00a 6.70±1.01ap value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05PL6 17.00±2.00a 17.33±1.02a 17.33±1.75a 17.30±1.58a 17.27±1.30a 17.10±1.01ap value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05L7 10.50±1.50a 10.00±1.80a 10.37±1.45a 10.47±1.55a 10.00±1.80a 10.13±1.65ap value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05
Note: Values in the same row and subtable not sharing the same subscript are significantly different at p<0.05 in 
the two-sided test of equality for column means.
Each value represents mean ± SD (n=3)
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Table	2.	Microbiological parameters in the refrigerated frankfurters (Total viable count (TVC), 
Enterobacteriaceae, and Coliform bacteria (CB))
TVC (log cfu/g)Sample Day 1 Day 3 Day 6 Day 9 Day 12 Day 15L1 2.50±0.30a 2.50±0.40a 2.73±0.45a 2.80±0.30a 3.13±0.35a 3.60±0.40ap value p<0.05 p<0.05L2 2.43±0.45a 2.43±0.35a 2.67±0.45a 2.73±0.40a 3.03±0.35a 3.53±0.35ap value p<0.05 p<0.05L3 2.47±0.25a 2.53±0.35a 2.93±0.25a 3.23±0.35a 3.63±0.45a 4.23±0.25ap value p<0.05 p<0.05L4 2.33±0.35a 2.33±0.25a 2.67±0.45a 2.80±0.30a 3.17±0.35a 3.70±0.30ap value p<0.05L5 2.47±0.25a 2.47±0.35a 2.70±0.20a 2.93±0.35a 3.33±0.35a 3.57±0.35ap value p<0.05PL6 2.43±0.35a 2.43±0.25a 2.93±0.25a 3.40±0.30a 3.87±0.35a 4.67±0.45ap value p<0.05 p<0.05L7 2.50±0.40a 2.53±0.35a 2.70±0.40a 2.83±0.35a 3.17±0.40a 3.23±0.35ap value p<0.05 p<0.05
Enterobacteriaceae (logcfu/g)Sample Day 1 Day 3 Day 6 Day 9 Day 12 Day 15L1 0.50±0.20a 0.60±0.20a 0.70±0.20a 0.90±0.20a 1.10±0.20a 1.21±0.23ap value p<0.05 p<0.05L2 0.50±0.10a 0.60±0.10a 0.66±0.15a 0.80±0.19a 0.90±0.20a 1.20±0.20ap value p<0.05 p<0.05L3 0.50±0.15a 0.65±0.15a 1.10±0.20a 1.40±0.20a 1.63±0.20a 1.70±0.20ap value p<0.05 p<0.05L4 0.50±0.15a 0.72±0.12a 0.80±0.15a 0.95±0.27a 1.20±0.25a 1.10±0.30ap value p<0.05 p<0.05L5 0.51±0.14a 0.57±0.19a 0.80±0.20a 0.97±0.26a 1.02±0.17a 1.22±0.22ap value p<0.05 p<0.05PL6 0.51±0.19a 0.69±0.15a 1.22±0.21a 1.65±0.16a 1.81±0.19a 1.98±0.23ap value p<0.05 p<0.05L7 0.50±0.15a 0.55±0.15a 0.62±0.15a 0.80±0.19a 0.90±0.19a 0.95±0.20ap value p<0.05 p<0.05
CB (logcfu/g)Sample Day 1 Day 3 Day 6 Day 9 Day 12 Day 15L1 0.30±0.09a 0.30±0.07a 0.30±0.09a 0.40±0.10a 0.47±0.13a 0.41±0.07aL2 0.34±0.07a 0.34±0.07a 0.34±0.06a 0.45±0.15a 0.44±0.09a 0.46±0.05aL3 0.33±0.07a 0.32±0.11a 0.32±0.10a 0.44±0.11a 0.65±0.19a 0.77±0.14aL4 0.30±0.10a 0.30±0.08a 0.31±0.10a 0.39±0.13a 0.46±0.12a 0.47±0.15aL5 0.30±0.08a 0.30±0.10a 0.30±0.10a 0.30±0.09a 0.44±0.09a 0.46±0.10aL6 0.31±0.10a 0.33±0.10a 1.35±0.15a 0.53±0.06a 0.72±0.12a 0.86±0.13aL7 0.30±0.10a 1.31±0.10a 0.31±0.09a 0.41±0.09a 0.48±0.10a 0.50±0.09a
Note: Values in the same row and subtable not sharing the same subscript are significantly different at p<0.05 in the two-sided test 
of equality for column means.
Each value represents mean ± SD (n=3)
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relationship between the general profile of 
microbial growth and the different frankfurters’ 
formulations was noticed. The frankfurters 
treated with nitrite only (L3 and L6) showed a pronounced microbial growth compared with 
frankfurters treated with antioxidants and natural 
nitrite (L1, L2, L4, and L5). Enterobacteriaceae and coliform bacteria are considered indicators of food 
sanitary quality. The source of Enterobacteriaceae on meat products surface was associated with 
the product handling, but also it is an indicator of direct or indirect enteric contamination of meat 
(Samaha and Nossair, 2016).
During storage, compared with control (L7), the best physico-chemical parameters were found 
for L4 and L5, while the best microbiological 
parameters were found for L1 and L2. For L1, L2, 
L4, L5 and L7, TVC, EB and CB values were lower than the values found in L3 and L6.Because variable values were considered 
to have metric scales and normal distributions, 
Pearson correlation, which ranges from -1 to 1, was used pairwise to measure the strength of 
the relationship between the analyzed variables 
(Table 3). If the null hypothesis specifies that the two variables are unrelated and Pearson 
correlation coefficient is close to 0, it is accepted 
that p>0.05. The alternative hypothesis specifies 
that the two variables are significantly related and 
Pearson correlation is significantly different from 
0, it is accepted that p<0.05 (Table 3). 
ConclusionReplacement of ascorbate with hawthorn berry phenolics and synthetic nitrite with parsley roots 
fermented juice was able to improve unsmoked 
frankfurters shelf-life during refrigeration. The combination 25 ppm hawthorn berry phenolics and 25 ppm nitrite from parsley roots fermented 
juice was more effective in preserving frankfurters’ physico-chemical parameters comparatively with 50 ppm hawthorn berry phenolics and 50 ppm 
nitrite from parsley fermented juice combination, but the antimicrobial activity was lower. Nitrite from parsley fermented juice in concentration of 50 ppm and hawthorn berry phenolics in concentration of 50 ppm exhibited a slight pro-
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Table	3.	Pearson correlation matrix for the studied parameters
CorrelationsCorrelations TBARS 
(mgMDA/kg)
Cure 
Efficiency 
(%)
Residual Nitrite 
(ppm)
pH
TVC (log 
cfu/g)
Enterobacteriaceae 
(logcfu/g)
Cure Efficiency (%)
Pearson Correlation -0.502**
Sig. (2-tailed) p<0.01Residual Nitrite 
(ppm)
Pearson Correlation 0.386** -0.773**
Sig. (2-tailed) p<0.01 p<0.01
pH
Pearson Correlation 0.414** -0.233** 0.17
Sig. (2-tailed) p<0.01 p<0.01 0.057
TVC (log cfu/g)
Pearson Correlation 0.538** -0.330** 0.223* 0.402**
Sig. (2-tailed) p<0.01 p<0.01 p<0.05 p<0.01Enterobacteriaceae 
(logcfu/g)
Pearson Correlation 0.689** -0.519** 0.345** 0.421** 0.732**
Sig. (2-tailed) p<0.01 p<0.01 p<0.01 p<0.01 p<0.01
CB (logcfu/g)
Pearson Correlation 0.515** -0.382** 0.298** 0.468** 0.774** 0.723**
Sig. (2-tailed) p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01
*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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oxidative activity on refrigerated unsmoked 
frankfurters. 
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